Abstract: Convenient labeling of proteins is important for observing its function under 7 physiological conditions. In tissues particularly, heptamethine cyanine dyes (Cy-7) are valuable 8 because they absorb in near infrared (NIR) region (750 -900 nm) where light penetration is 9 maximal. In this work, we found Cy-7 dyes with a meso-Cl functionality covalently binding to 10 proteins with free Cys residues under physiological conditions (aqueous environments, at near 11 neutral pH, and 37 °C). It transpired that the meso-Cl of the dye was displaced by free thiols in 12 protein, while nucleophilic side-chains from amino acids like Tyr, Lys, and Ser did not react. This 
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(1.5 eq.), DMF, 25 °C, 1 h (ii) N-acetyl-L-tyrosine (1 eq.), NaH, DMF, 25 °C, 18 h (iii) proline (1 eq.),
49
i Pr2NEt (1 eq), DMF, 60 °C, 2 h (iv) N-acetyl-L-lysine (1 eq.), i Pr2NEt (1 eq), DMF, 60 °C, 20 h (v) 50 N-acetyl-L-lysine(1 eq.), i Pr2NEt (1 eq), DMF, 60 °C, 20 h.
51
Reactions under controlled conditions were used to test if nucleophilic substitution of the 52 chloride of MHI-148 was possibly occurred e in DMF solvent. Thus, several amino acids with 53 different nucleophilic side chains (N-acetyl-L-cysteine, N-acetyl-L-tyrosine, Nα-acetyl-L-lysine, 54 Nε-acetyl-L-lysine, and L-proline) were reacted with MHI-148 under conditions that were varied to 55 force the reactions to proceed. The corresponding amino-acid-substituted Cy-7 dyes were indeed 56 formed (Scheme 1); these were isolated, characterized, and later used as standards for comparison of were electrophoresed under reducing conditions, and the gel was analyzed using a NIR imager.
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Only the Cy-7 dyes containing meso-Cl reacted to give a band observable at 800 nm (Figure 3 ). 
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Fluorescence intensities of the salient band saturated at 10 μM (Figure 5a ), which means the tested 23, 173.86, 173.21, 172.93, 157.83, 195 146.46, 143.72, 142.48, 134.54, 129.83, 126.27, 123.46, 112.00, 102.20, 54.36, 50.51, 50.49, 49.85, 44.97, 196 39.51, 34.61, 28.44, 28.02, 27.38, 25.65, 22.75, 22.03 
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To a solution of MHI-148 (25.0 mg, 0.04 mmol) in DMF (1.00 mL), L-proline (4.26 mg, 0.04 mmol),
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and i Pr2NEt (6.27 μL, 0.04 mmol) were added and the reaction was stirred at 60 °C monitored by 
